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SPECIFICATION 
Benzimidazole Compounds and Medicaments Comprising the Same 
Technical Field 

The present invention relates to benzimidazole compounds useful as active 
ingredients of medicaments. 

Background Art 

In recent years, patients with so-called adult diseases such as arterial 
sclerosis, hypertension, and diabetes mellitus have been continuously increasing with 
prolongation of life expectancy. In particular, patients with hyperlipidemia and 
arterial sclerosis derived therefrom have been remarkably increasing due to excessive 
intake of high calorie and high cholesterol food, which have become a serious social 
problem. Medications currently applied for treatment of hyperlipidemia and arterial 
sclerosis are those symptomatically lower cholesterol in blood, and no medicament that 
can be expected to have potency in retracting arterial sclerosis lesions has been used 
clinically. Arterial sclerosis is characterized by lesions of intimal hyperplasia and 
lipid accumulation in blood vessels, and it has been elucidated from recent biochemical 
findings that foaming of macrophages plays a main role in the formation of arterial 
sclerosis lesions. Accordingly, suppression of the foaming of macrophages may 
possibly prevent arterial sclerosis by inhibiting formation of arterial sclerosis lesions, 
or achieve radicular treatment of arterial sclerosis by retraction of arterial sclerosis 
lesions. However, no medicament having such activity has been known. 

It has been suggested that an inhibitor of AC AT, an enzyme involved in 
intestinal absorption and metabolism of cholesterol, such as imidazole derivatives 
described in Bio. Med. Chem. Lett., Vol. 5(2), 167-172 (1995) reduces blood cholesterol 
level and thus suppresses the foaming of macrophages in an animal experiment (for 
example, piperazine derivatives described in International Publication W098/54153). 
However, since these compounds are directed to ACAT inhibitory activity, they do not 
achieve satisfactory inhibition of the foaming of macrophages, and their effects are 
insufficient. 

Therefore, an object of the present invention is to provide a compound having 



activity of suppressing the foaming of macrophages, and is useful as an active 
ingredient of a medicament for preventive and/or therapeutic treatment of arterial 
sclerosis. Another object of the present invention is to provide a compound having the 
aforementioned activity, and is useful as an active ingredient of medicament for 
preventive and/or therapeutic treatment of hyperlipidemia. 



Disclosure of the Invention 

The inventors of the present invention conducted various researches to achieve 
the foregoing objects, and as a result, they found that novel benzimidazole compounds 
represented by the formula (I) set out below have activity of suppressing the foaming of 
Q macrophages, and are useful as active ingredients of preventive and/or therapeutic 
jjn medicament of arterial sclerosis and preventive and/or therapeutic medicament of 
j|f hyperlipidemia. 

>tll The compounds represented by the formula (I) according to the present 

jp invention have an inhibitory action against the foaming of macrophages independent 

S] from the ACAT inhibitory activity, and achieve remarkable effects in preventive and/or 

If.'!'" 

III therapeutic treatment of arteriosclerosis based on the action. As benzimidazole 

Q 

m compounds, available compounds include those known as active ingredients of 

medicaments for other applications (for example, the compounds of International 
Patent Publication WO95/34304) or those known as synthetic intermediates for drugs, 
agricultural chemicals or the like (for example, China. Chronika., Vol. 9(3), 239-246 
(1980)). However, as demonstrated in the examples, the benzimidazole compounds 
known so far fail to inhibit the foaming of macrophages, and specific action of the 
compounds of the present invention are not suggested in view of these compounds. 

The present invention thus provides benzimidazole compounds represented by 
the following formula (I): 




[in the formula, R 1 represents one or more functional groups on the benzene ring 
selected from the group consisting of hydrogen atom, a halogen atom, a lower alkyl 
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group, and a lower alkoxy group; R 2 represents hydrogen atom, an alkyl group, or an 
acyl group; R 3 represents one or more functional groups (including hydrogen atom) on 
the ring containing the nitrogen atom and A; A represents O, CH2 or CH that forms a 
double bond with an adjacent carbon atom; L represents a C4-C8 alkylene group or an 
ethyleneoxy bridging group represented by (CH2CH20)nCH2CH2 (in the formula, n 
represents 1 or 2); X represents O, S or methylene group; and m represents 0 or 1] and 
salts thereof. 

The present invention also provides benzimidazole compounds represented by 
the following formula (II): 



[in the formula, R 11 represents one or more functional groups on the benzene ring 
selected from the group consisting of hydrogen atom, a halogen atom, a lower alkyl 
group, and a lower alkoxy group; R 12 represents hydrogen atom, an alkyl group, or an 
acyl group; R 13 represents one or more functional groups on the piperidine ring 
selected from the group consisting of hydrogen atom, an alkyl group, an aryl group, 
hydroxy group, an alkoxy group, an amino group, an acyl group, cyano group, a 
carbamoyl group, and an alkoxycarbonyl group; L 1 represents a CU-Cs alkylene group; 
and X represents O, S, or methylene group] and salts thereof. 

As other aspects of the present invention, provided are methods for preparing 
the compounds represented by the aforementioned formula (I) or (II), and medicaments 
comprising a compound represented by the aforementioned formula (I) or (II) or a 
physiologically acceptable salt thereof as an active ingredient. As preferred 
embodiments of the aforementioned medicaments, pharmaceutical compositions are 
provided which comprise the aforementioned compounds or a physiologically 
acceptable salt thereof as an active ingredient and an additive for pharmaceutical 
preparation. The medicaments of the present invention are useful as, for example, 
those for preventive and/or therapeutic treatment of hyperlipidemia and for preventive 
and/or therapeutic treatment of arteriosclerosis. The medicaments are also useful as 
agents for suppressing foaming of macrophages, agents for retracting arterial sclerosis 




lesions, and agents for inhibiting formation of arteriosclerotic lesion. 

As further aspects of the present invention, provided are uses of the 
compounds represented by the aforementioned formula (I) or (II) or salts thereof for 
manufacture of the aforementioned medicaments, and methods for preventive and/or 
therapeutic treatment of hyperlipidemia and methods for preventive and/or 
therapeutic treatment of arteriosclerosis, which comprise the step of administering a 
preventively and/or therapeutically effective amount of the compound represented by 
the aforementioned formula (I) or (II) or a physiologically acceptable salt thereof to a 
mammal including human. 

Best Mode for Carrying out the Invention 

In the specification, a lower alkyl group or a lower alkyl moiety of a functional 
group that contains the lower alkyl moiety (e.g., lower alkoxy group) may be a linear, 
branched or cyclic alkyl group, or a combination thereof. For example, an alkyl group 
having 1-4 carbon atoms (for example, methyl group, ethyl group, n-propyl group, 
isopropyl group, n-butyl group, sec-butyl group, tert-butyl group and the like) may be 
used. A halogen atom referred to in the specification may be any of fluorine atom, 
chlorine atom, bromine atom and iodine atom. 

An alkyl group or an alkyl moiety of a functional group that contains the alkyl 
moiety (e.g., an alkoxy group, an alkanoyl group and the like) referred to in the 
specification may be linear, branched or cyclic alkyl group, or a combination thereof. 
An example includes an alkyl group having 1-8 carbon atoms (e.g., methyl group, ethyl 
group, butyl group, octyl group and the like), and a preferred example includes an 
alkyl group having 1-4 carbon atoms (e.g., methyl group, ethyl group, n-propyl group, 
n-butyl group). An aryl group or an aryl moiety of a functional group that contains 
the aryl moiety (arylcarbonyl group and the like) is preferably a monocyclic or bicyclic 
aryl group having a 6- to 10-membered ring, and more specifically, phenyl group, 
naphthyl group and the like can be used. An alkyl group or an alkyl moiety of a 
functional group having the alkyl moiety, a lower alkyl group or a lower alkyl moiety of 
the functional group having the lower alkyl moiety, or an aryl group may have one or 
two functional groups at any positions. When two or more functional groups exist, 
they may be the same or different. 

Examples of the acyl group include an alkanoyl group, an arylcarbonyl group, 



an alkylsulfonyl group, an arylsulfonyl group, an alkoxycarbonyl group, a sulfamoyl 
group, a carbamoyl group and the like. Examples of the alkanoyl group include an 
alkanoyl group having 1-8 carbon atoms (e.g., acetyl group, butanoyl group, octanoyl 
group and the like), preferably an alkanoyl group having 1-4 carbon atoms (e.g., acetyl 
group, butanoyl group and the like). Examples of the arylcarbonyl group include an 
arylcarbonyl group having 6-10 carbon atoms (e.g., benzoyl group, naphthoyl group 
and the like). Examples of the alkoxycarbonyl group include an alkoxycarbonyl group 
having 1-8 carbon atoms (e.g., methoxycarbonyl group, ethoxycarbonyl group, 
octyloxycarbonyl group and the like), preferably an alkoxycarbonyl group having 1-4 
w carbon atoms (e.g., methoxycarbonyl group, ethoxycarbonyl group and the like). 

H Examples of the alkylsulfonyl group include an alkylsulfonyl group having 1-8 

p. 

41 carbon atoms (e.g., methanesulfonyl group, butanesulfonyl group, octanesulfonyl 

jjj 

group and the like) and examples of the arylsulfonyl group include an arylsulfonyl 
ill group having 6-10 carbon atoms (e.g., benzenesulfonyl group, naphthalenesulfonyl 
jp group and the like). Examples of the sulfamoyl group include a sulfamoyl group 
■jm having 0-8 carbon atoms (e.g., sulfamoyl group, methylsulfamoyl group, 
m diethylsulfamoyl group, octylsulfamoyl group, hexadecylsulfamoyl group, 
fj phenylsulfamoyl group and the like), preferably a sulfamoyl group having 0-4 carbon 
atoms (e.g., sulfamoyl group, methylsulfamoyl group, diethylsulfamoyl group and the 
like). Examples of the carbamoyl group include a carbamoyl group having 0-8 carbon 
atoms (e.g., carbamoyl group, methylcarbamoyl group, diethylcarbamoyl group, 
octylcarbamoyl group, hexadecylcarbamoyl group, phenylcarbamoyl group and the 
like), preferably a carbamoyl group having 0-4 carbon atoms (e.g., methylcarbamoyl 
group, diethylcarbamoyl group and the like). The aforementioned acyl group may 
have on or more functional groups at any position. When two or more functional 
groups exist, they may be the same or different. 

R 1 represents one or more functional groups on the benzene ring selected from 
the group consisting of hydrogen atom, a halogen atom, a lower alkyl group, and a 
lower alkoxy group. When R 1 represents two or more functional groups, they may be 
the same or different, and substitution positions on the benzene ring are not also 
particularly limited. The halogen atom represented by R 1 may preferably be fluorine 
atom, chlorine atom, or bromine atom. R 1 may preferably be hydrogen atom, methyl 
group, methoxy group, or chlorine atom, and more preferably hydrogen atom. 
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R 2 is preferably hydrogen atom, a C1-C4 alkyl group, or a C1-C4 alkanoyl group, 
and most preferably hydrogen atom. L represents a linking group, and more 
specifically a C4-C8 alkylene group (e.g., butylene group, pentamethylene group, 
hexamethylene group, octamethylene group and the like) or an ethyleneoxy linking 
group represented by (CHbCEbOnCffcCEb (in the formula, n represents 1 or 2). 
These linking groups may be linear or branched. The linking group represented by L 
is preferably an alkylene group having 5-8 carbon atoms (pentamethylene group, 
hexamethylene group, heptamethylene group, octamethylene group and the like) or 
the aforementioned ethyleneoxy bridging group, and most preferably an alkylene 
group having 5 or 6 carbon atoms. X is preferably O or S, and most preferred X is S. 
Symbol "m" represents 0 or 1, and preferably 0. 

A represents O or CH2, or CH that forms a double bond with an adjacent 
carbon atom. R 3 represents one or more functional groups, including hydrogen atom, 
on the ring containing A and the nitrogen atom as ring constituting atoms. The type, 
substitution position, and number of the functional groups attached to the ring are not 
particularly limited. Plural functional groups represented by R 3 may bind to each 
other to form a saturated, partially saturated, or aromatic hydrocarbon ring, or a 
saturated, partially saturated, or aromatic heterocyclic ring containing one or more 
hetero atoms (e.g., nitrogen atom, oxygen atom, sulfur atom or the like) as ring 
constituting atoms. Specific examples of the ring containing A and the nitrogen atom 
include piperidine ring, morpholine ring, 1,2,3,6-tetrahydropyridine ring, 
1,2,3,4-tetrahydroquinoline ring, 1,2,3,4-tetrahydroisoquinoline ring, 
decahydroquinoline ring, decahydroisoquinoline ring and the like. 

Preferred examples of the functional groups represented by R 3 include 
hydrogen atom, an alkyl group, an aryl group, hydroxy group, an alkoxy group, an 
amino group, an acyl group, a cyano group, a carbamoyl group, and an alkoxy carbonyl 
group, and these functional groups may have one or more further functional groups. 
The ring containing A and the nitrogen atom is preferably a ring that is not condensed 
with another ring (specifically, piperidine ring, morpholine ring and the like), and 
piperidine ring is most preferred. These rings preferably have one or more groups 
selected from the group consisting of an alkyl group, a hydroxyalkyl group, an aryl 
group, hydroxy group, and a cyano group as R 3 . 

Particularly preferred imidazole compounds are represented by the 
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aforementioned formula (II). Preferred examples of R 11 and R 12 are the same as those 
explained as for the aforementioned R 1 and R 2 , respectively. Also as the groups 
defined by R 13 , those mentioned above can be suitably used. The alkylene group 
represented by L 1 may be linear or branched, and examples thereof include butylene 
group, pentamethylene group, hexamethylene group, octamethylene group and the like. 
Preferred examples include an alkylene group having 5-8 carbon atoms (e.g., 
pentamethylene group, hexamethylene group, heptamethylene group, octamethylene 
group and the like), and particularly preferred example includes an alkylene group 
having 5 or 6 carbon atoms. X 1 is preferably O or S, and particularly preferred X 1 is S. 

R 11 is preferably hydrogen atom, methyl group, methoxy group, or chlorine 
atom, and most preferably hydrogen atom. R 12 is preferably hydrogen atom, a C1-C4 
alkyl group, or a C1-C4 alkanoyl group, and most preferably hydrogen atom. R 13 is 
preferably an alkyl group, a hydroxyalkyl group, an aryl group, hydroxy group or a 
cyano group. 

Preferred compounds according to the present invention will be exemplified 
below. However, the scope of the present invention is not limited to these examples. 
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The compounds of the present invention represented by the aforementioned 
formulas (I) and (II) may form acid addition salts, and such acid addition salts fall 
within the scope of the present invention. Examples of the acid addition salts include, 
for example, mineral acid salts such as hydrochlorides, hydrobromides, nitrates, 
sulfates, and phosphates, and organic acid salts such as p-toluenesulfonates, 
methanesulfonates, oxalates, tartrates, malates, and citrates. Further, depending on 
the type of a functional group, they may also form base addition salts. Furthermore, 
the compounds of the present invention and salts thereof may exist as hydrates or 
solvates. Any of the compounds in free forms or in the forms of salts, and hydrates 
and solvates thereof falls within the scope of the present invention. 

The compounds of the present invention may have one or more asymmetric 
carbons depending on the kind of a functional group. In such compounds, 
stereoisomers such as optical isomers based on one or more asymmetric carbons and 
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diastereoisomers based on two or more asymmetric carbons may exist. Any of 
stereoisomers in pure forms, any mixtures of the stereoisomers, racemates and the like 
fall within the scope of the present invention. 

The compounds of the present invention can be prepared from readily 
available raw material compounds by methods well known to those skilled in the art, 
for example, in accordance with the following scheme. Specific procedures of these 
methods are explained in detail in the examples of the specification, and those skilled 
in the art can easily produce the compounds of the present invention by referring to 
the general explanations given below and the examples, and by adding suitable 
alterations or modifications to these methods as required (the symbols used in the 
scheme have the same meanings as those defined above). 




(Formula— 1 ) 



(Formula— 2) 



When X is S, a 2-mercaptobenzimidazole derivative (a) is reacted with a 
compound (b) having a linking chain (L) (a bi-functional halogeno compound such as a 
chloride, bromide or iodide, or a sulfonate compound such as tosylate or 
methanesulfonate and the like, more specifically, dibromopentane, bis-2-chloroethyl 
ether and the like) to obtain a compound (c) in which one of the functional groups is 
replaced with the 2-mercaptobenzimidazole derivative. As a solvent, alcohols, 
acetonitrile and the like can be used, and reaction temperature may be from room 
temperature to 150°C, preferably about 50°C to 120°C. Further, when a base such as 
triethylamine is used as an acid scavenger, the reaction may sometimes progress faster, 
thereby the reaction temperature may be lowered and the reaction time may be 
shortened. 

The compound (b) wherein only one of the functional groups is a halide or 
sulfonate is subjected to the reaction (the remaining functional group may optionally 
be hydroxyl group, acetate moiety or the like, and the reaction condition for said 
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compound may be the same as that mentioned above), and then the resulting 
compound (c) is subjected to substitution of X' with a halide or sulfonate. For example, 
substitution from hydroxyl group to a halide or sulfonate can be conducted by a 
conventional method utilizing tosyl chloride, carbon tetrabromide/triphenylphosphine 
or the like. The compound (c) as being a halide or sulfonate can be used as a key 
compound for a reaction with various piperidine derivatives, morpholine derivatives 
and the like to obtain a target compound (d). As a solvent, alcohols, acetonitrile and 
the like can be used, and reaction temperature may be from room temperature to 
150°C, preferably about 50°C to 120°C. Further, when a base such as triethylamine is 
used as an acid scavenger, the reaction may sometimes progress faster, thereby the 
reaction temperature may be lowered and the reaction time may be shortened. 

As an alternative method, a piperidine derivative, morpholine derivative or 
the like can be reacted with a compound (b) as being a halide or sulfonate with a 
linking chain, and then the product is reacted with 2-mercaptobenzimidazole to 
synthesize a target compound (d). Depending of reactivity of a compound to be used, 
it is possible to chose which of the routes is used for the synthesis. 

As for compounds wherein mis 1 (having an amide bond), 
2-mercaptobenzimidazole (a) and an co -halocarboxylic acid or o> -halocarboxylic acid 
ester having a linking chain can be reacted in the same manner as described above to 
obtain a compound (c) wherein X' is a carboxylic acid (or ester thereof; where the 
reaction is performed in an alcohol, an ester compound may sometimes be produced 
when a carboxylic acid is used as a raw material). This compound can be condensed 
with a piperidine derivative, morpholine derivative or the like to obtain a compound 
(d). Although it is also possible to directly condense an ester compound and a 
piperidine derivative, morpholine derivative or the like for the synthesis, it is 
preferable to convert the carboxylic acid into an acid halide for the reaction, or use an 
agent for dehydration condensation such as carbodiimide. A compound (d) wherein m 
is 1 can be reduced with a borane or the like to produce a compound wherein m is 0. 

When X is O, a target compound (d) can be obtained by reacting 
2-chlorobenzimidazole, of which nitrogen atom at the 1-position of the benzimidazole is 
protected, with one of hydroxyl groups of a diol compound, then after converting the 
other remaining hydroxyl group into a sulfonate, reacting the product with a 
piperidine derivative, morpholine derivative or the like, and finally removing the 
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protective group. When X is methylene group, the benzimidazole nucleus can be 
synthesized by heating o-phenylenediamine and a> -hydroxycarboxylic acid in 
hydrochloric acid, for example, to proceed dehydration condensation. Then, after 
converting the remaining hydroxyl group into a sulfonate or halide by a conventional 
method using tosyl chloride or carbon tetrabromide/triphenylphosphine, the product 
can be reacted with a piperidine derivative, morpholine derivative or the like to obtain 
a target compound (d). 

The compounds of the present invention have a potent activity of suppressing 
the foaming of macrophages which is involved in the formation of arterial sclerosis 
lesions in arterial sclerosis. Therefore, the compounds are useful as an active 
ingredient of a medicament for preventive and/or therapeutic treatment of arterial 
sclerosis, and an active ingredient of a medicament for preventive and/or therapeutic 
treatment of hyperlipidemia by lowering blood cholesterol. Although it is not 
intended to be bound by any specific theory, it has been known that invasion of foamed 
macrophages into arterial walls triggers hyperplasia of smooth muscles of arterial 
walls, thereby causing arterial sclerosis (Schaffner, T. et al., Amer. J. Pathol., 110, 
pp.57-73, 1980; Gerrity, R.G., Amer. J. Pathol. 103, pp.181-190, 1981). The 
medicaments of the present invention directly inhibit the formation of arterial 
sclerosis lesions and enables retraction of arterial sclerosis lesions by suppressing the 
foaming of macrophages which is involved in the formation of arterial sclerosis lesions. 
Accordingly, the medicaments of the present invention are useful for prevention and/or 
treatment of arterial sclerosis and hyperlipidemia brought by various causes. 

As the active ingredients of the medicaments of the present invention, a 
substance selected from the group consisting of the compounds represented by the 
aforementioned formula (I) and salts thereof, and hydrates thereof and solvates 
thereof can be used. Among the compounds represented by the formula (I), the 
compounds represented by the formula (II) are preferred. Routes of administration of 
the aforementioned medicament are not particularly limited, and they can be 
administered orally or parenterally. Oral administration is preferred. Although the 
aforementioned substance as the active ingredient, per se, may be used as the 
medicament of the present invention, it is generally desirable to provide the 
medicament as a pharmaceutical composition in a form well known to those skilled in 
the art by adding pharmaceutical additives as required. 
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Examples of the pharmaceutical composition suitable for oral administration 
include, for example, tablets, capsules, powders, subtilized granules, granules, 
solutions, syrups and the like. Examples of the pharmaceutical composition suitable 
for parenteral administration include, for example, injections, fusion drips, 
suppositories, inhalants, transdermal preparations, transmucosal preparations, 
patches and the like. As the pharmaceutical additives, excipients, disintegrating 
agents or dissolving aids, isotonic agents, pH modifiers, stabilizers, propellants, 
tackifiers and the like can be used, and they can optionally be used in combination. 

For example, for the manufacture of the pharmaceutical composition suitable 
for oral administration, transdermal administration, or transmucosal administration, 
usable pharmaceutical additives include excipients such as glucose, lactose, 
D-mannitol, starch and crystalline cellulose; excipients or disintegrating aids such as 
carboxymethyl cellulose, starch and carboxymethyl cellulose calcium; binders such as 
hydroxypropyl cellulose, hydroxypropylmethyl cellulose, polyvinylpyrrolidone and 
gelatin; lubricants such as magnesium stearate and talc; coating agents such as 
hydroxypropylmethyl cellulose, sucrose, polyethylene glycol and titanium oxide; bases 
such as vaseline, liquid paraffin, polyethylene glycol, gelatin, kaoline, glycerol, 
purified water and hard fat and the like. Further, the pharmaceutical composition 
can also be produced by using pharmaceutical additives such as, for example, 
propellants such as frons, diethyl ether and compressed gases; tackifiers such as 
sodium polyacrylate, polyvinyl alcohol, methyl cellulose, polyisobutylene and 
polybutene; base fabrics such as cotton cloth, and plastic sheets and the like. 

For preparation of the pharmaceutical composition suitable for injection or 
drip infusion, usable pharmaceutical additives include, for example, dissolving agents 
and dissolving aids that can form aqueous injections or injections that are dissolved 
upon use such as distilled water for injection, physiological saline and propylene 
glycol; isotonic agents such as glucose, sodium chloride, D-mannitol and glycerol; pH 
modifiers such as inorganic salts, organic acids, inorganic bases and organic bases and 
the like. 

Doses of the medicament of the present invention are not particularly limited, 
and suitably chosen depending on dosage forms, purpose of administration, i.e., 
preventive and/or therapeutic purpose, the age, body weight, and symptoms of a 
patient and the like. For example, for intravenous administration, about 10 mg to 
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400 mg per day for an adult as the amount of an active ingredient can be administered, 
and for oral administration, about 10 mg to 800 mg per day for an adult as the amount 
of an active ingredient can be administered. Preferred doses for an adult are 10 mg to 
100 mg per day and 10 mg to 300 mg per day, respectively, as the amount of an active 
ingredient. The medicament of the present invention may be administered once or 
several times a day, and any administration period may be applied depending on the 
age of a patient and improvement of symptoms and the like. 

Example 

The present invention will be explained more specifically with reference to the 
following examples. However, the scope of the present invention is not limited to the 
following examples. 

Example 1: Synthesis of 5-(benzimidazoyl-2-thio)pentyl bromide 

6.0 g of 2-mercaptobenzimidazole and 60 g of 1,5-dibromopentane were 
dissolved in 50 ml of ethanol and the mixture was refluxed under heating for 6 hours. 
After the solvent was evaporated under reduced pressure, the residue was digested 
with 50 ml of ethyl acetate and 50 ml of hexane to obtain about 12 g of solid. The solid 
was added with 100 ml of water and neutralized with aqueous sodium hydroxide. The 
deposited oil-soluble substance was extracted with ethyl acetate, washed with water 
and concentrated. The residue was purified by silica gel column chromatography 
(chloroform) to obtain 8.7 g of crude crystals. The crystals were recrystallized from 
ethanol to obtain 7.8 g of the target title compound (yield: 66%). 
Melting point: 126-127°C 
MS (FAB + ): m/z 300 (MH + ) 

Example 2: Synthesis of l-(5-(benzimidazoyl-2-thio)pentyl)piperidine (Compound 1) 
0.3 g of 5-(benzimidazoyl-2-thio)pentyl bromide and 0.2 g of piperidine were 
added with 3 ml of acetonitrile and the mixture was refluxed under heating for 5 hours. 
A small amount of water was added to the reaction mixture to deposit crystals. The 
crystals were collected by filtration and dried to obtain 0.28 g of the target title 
substance (yield: 92%). 
iH-NMR (CDCls): (ppm) 
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1.44 (m, 4H), 1.56 (m, 6H), 1.73 (m, 2H), 2.30 (m, 2H), 2.42 (m, 4H), 3.28 (t, 2H), 7.17 
(m, 2H), 7.47 (br, 2H), 10.4 (br, 1H) 
MS (FAB + ): m/z 304 (MH + ) 

The following compounds were synthesized in the same manner as in Example 
2 by changing the starting material. When crystals were not deposited in the reaction 
system, water was added and extracted with ethyl acetate, then the organic layer was 
washed with water and dried over sodium sulfate, and the solvent was evaporated 
under reduced pressure. Procedure thereafter is specified in the explanation for each 
compound. 

(Compound 2) Purified by silica gel column chromatography (methanol:methylene 
chloride = 1:10) and then crystallized from ethyl acetate/hexane, yield: 93%. 
iH-NMR (CDCls): (ppm) 

1.48 (m, 4H), 1.78 (m, 2H), 2.32 (t, 2H), 2.43 (m, 4H), 3.32 (t, 2H), 3.71 (m, 4H), 7.19 (m, 
2H), 7.34 (br, 1H), 7.66 (br, 1H), 9.95 (br, 1H) 
MS (FAB + ): m/z 306 (MH + ) 

(Compound 3) Crystallized from water-containing acetonitrile, yield: 95%. 
iH-NMR (CDCb): (ppm) 

0.90 (d, 3H), 1.27 (t, 2H), 1.41 (m, 3H), 1.53 (m, 2H), 1.63 (m, 2H), 1.74 (t, 2H), 1.93 (t, 
2H), 2.32 (t, 2H), 2.95 (d, 2H), 3.28 (t, 2H), 7.17 (m, 2H), 7.48 (br, 2H) 
MS (FAB+): m/z 318 (MH + ) 

(Compound 5) Purified by silica gel column chromatography (methanohmethylene 
chloride = 1:10) and then crystallized from water- containing acetonitrile, yield: 75%. 
iH-NMR (CDCls): (ppm) 

1.24 (t, 3H), 1.49 (m, 4H) and 1.76-2.02 (m, 8H), 2.31 (m, 3H), 2.88 (brd, 2H), 3.30 (t, 
2H), 4.12 (q, 2H), 7.18 (m, 2H), 7.50 (br, 2H), 10.05 (br, 1H) 
MS (FAB + ): m/z 376 (MH + ) 



(Compound 8) Purified by silica gel column chromatography (methanohmethylene 
chloride = 1:5) and then crystallized from water-containing acetonitrile, yield: 88% 



iH-NMR (CDCls): (ppm) 

1.4-1.7 (m, 6H), 1.76 (m, 2H), 1.90 (m, 2H), 2.15 (m, 2H), 2.33 (t, 2H), 2.79 (m, 2H), 3.30 
(t, 2H), 3.71 (m, 1H), 7.18 (m, 2H), 7.49 (br, 2H) 
MS (FAB + ): m/z 320 (MH + ) 

(Compound 10) Purified by silica gel column chromatography (methanol:methylene 
chloride = 1:10) and then crystallized from water-containing acetonitrile, yield: 88%. 
iH-NMR (CDCls): (ppm) 

0.90 (d, 3H), 1.29 (m, 4H), 1.45 (m, 4H), 1.64 (d, 2H), 1.72 (m, 2H), 1.75 (m, 3H), 2.30 
(m, 2H), 2.95 (d, 2H), 3.29 (t, 2H), 7.18 (m, 2H), 7.49 (br, 2H), 9.9 (br, 1H) 
MS (FAB + ): m/z 332 (MH + ) 

(Compound 11) Purified by silica gel column chromatography (methanohmethylene 
chloride = 1:10) and then crystallized from water-containing acetonitrile, yield: 75%. 
iH-NMR (CDCls): (ppm) 

1.35 (m, 2H), 1.46 (m, 4H), 1.77 (m, 2H), 2.33 (m, 2H), 2.45 (m, 4H), 3.32 (t, 2H), 3.73 
(m, 4H), 7.19 (m, 2H), 7.50 (br, 2H), 9.45 (br, 1H) 
MS (FAB + ): m/z 320 (MH + ) 

(Compound 13) Purified by silica gel column chromatography (methanol :methylene 
chloride = 1:5), oil, yield: 93%. 
iH-NMR (CDCls): (ppm) 

1.49 (m, 6H), 1.69 (m, 8H), 1.92 (m, 4H), 2.32 (m, 2H), 2.48 (m, 1H), 2.66 (m, 4H), 3.00 
(d, 2H), 3.31 (t, 2H), 7.17 (m, 2H), 7.50 (br, 2H) 
MS (FAB + ): m/z 386 (MH + ) 

(Compound 14) Purified by silica gel column chromatography (methanohmethylene 
chloride = 1:10), oil, yield: 91%. 
iH-NMR (CDCls): (ppm) 

0.85 (d, 6H), 1.46 (m, 7H), 1.71 (m, 5H), 2.33 (dd, 2H), 2.93 (d, 2H), 3.28 (t, 2H), 7.17 (m, 
2H), 7.47 (br, 2H), 10.7 (br, 1H) 
MS (FAB + ): m/z 332 (MH + ) 
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(Compound 15) Crystallized from water-containing acetonitrile, yield: 77%. 
iH-NMR (CDCls): (ppm) 

1.32 (m, 2H), 1.49 (m, 6H), 1.68 (m, 5H), 1.93 (m, 3H), 2.29 (dd, 2H), 2.96 (d, 2H), 3.29 
(t, 2H), 3.68 (t, 2H), 7.17 (m, 2H), 7.48 (br, 2H) 
MS (FAB + ): m/z 347 (MH+) 

(Compound 16) Crystallized from water-containing acetonitrile, yield: 75%. 
iH-NMR (CDCls): (ppm) 

1.15 (d, 6H), 1.49 (m, 4H), 1.76 (m, 4H), 2.31 (dd, 2H), 2.75 (d, 2H), 3.33 (t, 2H), 3.69 (m, 
g 2H), 7.20 (m, 2H), 7.55 (br, 2H), 9.6 (br, 1H) 

S MS (FAB + ): m/z 334 (MH + ) 

pi, 

iti 

jj; (Compound 17) Crystallized from ethyl acetate/hexane, yield: 58%. 

41 iH-NMR (CDCls): (ppm) 

jjj 1.28 (m, 6H), 1.45 (m, 4H), 1.75 (m, 2H), 2.36 (dd, 2H), 2.50 (m, 4H), 3.33 (t, 2H), 3.76 

|j (m, 4H), 7.19 (m, 2H), 7.55 (m, 2H), 9.8 (br, 1H) 

|j MS (FAB + ): m/z 348 (MH + ) 

m 

(Compound 18) Purified by silica gel column chromatography (methanohmethylene 
chloride = 1:10), oil, yield: 85%. 
iH-NMR (CDCI3): (ppm) 

1.09 (m, 2H), 1.27 (m, 5H), 1.40 (m, 4H), 1.63 (m, 4H), 1.79 (m, 4H), 2.05 (m, 1H), 2.24 
(m, 1H), 2.62 (m, 1H), 2.74 (m, 1H), 2.98 (m, 1H), 2.34 (t, 2H), 7.18 (m, 2H), 7.52 (m, 
2H) 

MS (FAB + ): m/z 358 (MH + ) 

(Compound 21) Crystallized from water-containing acetonitrile, yield: 98%. 
iH-NMR (CDCls): (ppm) 

0.85 (d, 3H), 1.39 (m, 2H), 1.54 (m, 4H), 1.67 (m, 6H), 1.86 (m, 1H), 2.33 (dd, 2H), 2.94 
(t, 2H), 3.27 (t, 2H), 7.16 (m, 2H), 7.47 (br, 2H) 
MS (FAB + ): m/z 318 (MH + ) 

(Compound 22) Purified by silica gel column chromatography (methanol:methylene 
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chloride = 1:10), oil, yield: 81%. 

iH-NMR (CDCls): (ppm) 1.50 (m, 4H), 1.59 (m, 2H), 1.73 (m, 3H), 1.92 (m, 1H), 2.09 (m, 
1H), 2.32 (m, 2H), 2.57 (m, 1H), 2.74 (m, 1H), 2.88 (m, 1H), 3.37 (t, 2H), 6.91 (br, 2H), 
7.17 (m, 2H), 7.49 (br, 2H), 8.2 (br, 1H) 
MS (FAB + ): m/z 347 (MH + ) 

(Compound 23) Crystallized from water-containing acetonitrile, yield: 69%. 
iH-NMR (CDCls): (ppm) 

0.92 (d, 3H), 1.31 (m, 3H), 1.6-1.8 (m, 6H), 1.98 (t, 2H), 2.42 (t, 2H), 2.96 (d, 2H), 3.26 (t, 
P 2H), 7.18 (m, 2H), 7.50 (br, 2H) 
p MS (FAB + ): m/z 304 (MH + ) 

m 
m 

'Jj* (Compound 24) Crystallized from water-containing acetonitrile, yield: 91%. 
*$ iH-NMR (CDCls): (ppm) 

P 108 (d, 3H), 1.3-1.6 (m, 6H), 1.64 (m, 4H), 1.75 (m, 2H), 2.18 (m, 1H), 2.34 (m, 2H), 

Ifi 

P 2.64 (m, 1H), 2.85 (m, 1H), 3.31 (t, 2H), 7.18 (m, 2H), 7.50 (br, 2H) 
Jjj MS (FAB + ): m/z 318 (MH + ) 

m 

(Compound 25) Crystallized from water-containing acetonitrile, yield: 87%. 
iH-NMR (CDCls): (ppm) 

1.2-1.9 (m, 19H), 2.2-2.7 (m, 5H), 3.28 (t, 2H), 7.17 (m, 2H), 7.48 (br, 2H) 
MS (FAB+): m/z 358 (MH + ) 

(Compound 26) Purified by silica gel column chromatography (methanohmethylene 
chloride = 1:10), oil, yield: 72%. 
iH-NMR (CDCls): (ppm) 

1.68 (m, 2H), 1.81 (m, 2H), 2.41 (t, 2H), 2.47 (m, 4H), 3.33 (t, 2H), 3.73 (m, 4H), 7.20 (m, 

2H), 7.50 (br, 2H) 

MS (FAB + ): m/z 292 (MH + ) 

(Compound 27) Crystallized from water-containing acetonitrile, yield: 91%. 
iH-NMR (CDCls): (ppm) 

1.15 (d, 6H), 1.47 (m, 4H), 1.75 (m, 6H), 2.32 (t, 2H), 2.76 (d, 2H), 3.32 (t, 2H), 3.70 (m, 
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2H), 7.19 (m, 2H), 7.50 (br, 2H), 9.8 (br, 1H) 
MS (FAB + ): m/z 332 (MH + ) 



(Compound 28) Purified by silica gel column chromatography (methanol :methylene 
chloride = 1:5), oil, yield: 84%. 
iH-NMR (CDCla): (ppm) 

1.25 (m, 2H), 1.53 (m, 4H), 1.69 (m, 4H), 1.88 (m, 2H), 2.31 (m, 4H), 2.55 (m, 1H), 2.80 
(m, 1H), 3.25 (t, 2H), 3.66 (m, 1H), 3.80 (m, 1H), 7.18 (m, 2H), 7.51 (br, 1H) 
MS (FAB + ): m/z 334 (MH + ) 

m 

SI (Compound 29) Crystallized from water-containing acetonitrile, yield: 96%. 

,|| iH-NMR (CDCla): (ppm) 

fi i 

>|j 1.3-1 .8 (m, 10H), 2.25 (t, 1H), 2.42 (m, 2H), 2.77 (m, 1H), 2.97 (m, 2H), 3.26 (m, 3H), 

jj 3.49 (m, 1H), 3.72 (m, 1H), 7.18 (m, 2H), 7.51 (br, 2H) 

P 

P MS (FAB + ): m/z 334 (MH + ) 

m 
a 

y (Compound 30) Purified by silica gel column chromatography (methanol:methylene 
||| chloride = 1:5), oil, yield: 69%. 
1 H-NMR (CDCla): (ppm) 

1.45 (m, 8H), 1.66 (m, 6H), 2.01 (m, 1H), 2.34 (m, 1H), 2.52 (m, 1H), 2.77 (m, 2H), 3.11 
(m, 1H), 3.19 (t, 2H), 3.88 (m, 1H), 4.00 (m, 1H), 7.19 (m, 2H), 7.52 (br, 2H) 
MS (FAB+): m/z 348 (MH+) 

(Compound 31) Purified by silica gel column chromatography (methanol:methylene 
chloride = 1:5), oil, yield: 98%. 
iH-NMR (CDCla): (ppm) 

1.4-1.7 (m, 8H), 1.76 (m, 4H), 2.33 (m, 3H), 2.40 (m, 2H), 3.30 (m, 2H), 3.86 (m, 1H), 
7.19 (m, 2H), 7.51 (br, 2H), 10.1 (br, 1H) 
MS (FAB + ): m/z 320 (MH + ) 

(Compound 32) Crystallized from water-containing acetonitrile, yield: 89%. 
iH-NMR (CDCla): (ppm) 

0.92 (d, 3H), 1.27 (m, 5H), 1.36 (m, 3H) 1.53 (m, 2H), 1.9-1.9 (m, 7H), 1.99 (t, 2H), 2.36 
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(dd, 2H), 2.99 (d, 2H), 3.32 (t, 2H), 7.19 (m, 2H), 7.51 (br, 2H), 10.2 (br, 1H) 
MS (FAB + ): m/z 360 (MH + ) 



(Compound 36) Crystallized from water-containing acetonitrile, yield: 80%. 
1 H-NMR (CDCb): (ppm) 

1.52 (m, 2H), 1.6-1.9 (m, 4H), 2.53 (t, 2H), 2.75 (t, 2H), 2.91 (t, 2H), 3.33 (t, 2H), 3.64 (s, 
2H), 7.0-7.2 (m, 7H), 7.5 (br, 1H), 9.8 (br, 1H) 
MS (FAB + ): m/z 352 (MH + ) 

Example 3: Synthesis of l-(5-(2-benzimidazoylthio)pentyl)-4-cyano-4-phenylpiperidine 
(Compound 39) 

To 0.3 g of 5-(2-benzimidazoylthio)pentyl bromide and 0.23 g of 
4-cyano-4-phenylpiperidine, 2.5 ml of acetonitrile and 0.17 ml of triethylamine were 
added and the mixture was refluxed under heating for 16 hours. After cooling, the 
mixture was added with water and extracted with ethyl acetate. The organic layer 
was washed with wafer and dried over sodium sulfate, and then the solvent was 
evaporated under reduced pressure (0.35 g). The residue was purified by silica gel 
chromatography (methanol:methylene chloride = 1:10) and crystallized from 
water-containing acetonitrile to obtain 0.29 g of the target title substance (yield: 76%). 
I H-NMR (CDCls): (ppm) 

1.52 (m, 4H), 1.81 (m, 2H), 2.10 (m, 4H), 2.45 (m, 4H), 3.02 (m, 2H), 3.35 (t, 2H), 7.19 
(m, 2H), 7.36 (m, 4H), 7.49 (m, 2H), 7.66 (br, 1H), 9.7 (br, 1H) 
MS (FAB+): m/z 405 (MH + ) 

The following compounds were synthesized in the same manner as in Example 
3 by changing the starting material. When crystals were not deposited in the reaction 
system, water was added and extracted with ethyl acetate, then the organic layer was 
washed with water and dried over sodium sulfate, and the solvent was evaporated 
under reduced pressure. Procedure thereafter is specified in the explanation for each 
compound. 

(Compound 37) Crystallized from water-containing acetonitrile, yield: 66%. 
iH-NMR (CDCI3): (ppm) 
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1.52 (m, 2H), 1.65 (m, 2H), 2.48 (dd, 2H), 2.59 (m, 2H), 2.72 (t, 2H), 3.17 (m, 2H), 3.34 (t, 
2H), 6.07 (t, 1H), 7.1-7.4 (m, 8H), 7.68 (br, 1H), 9.6 (br, 1H) 
MS (FAB + ): m/z 378 (MH + ) 

(Compound 38) Purified by silica gel column chromatography (ethyl acetate methylene 
chloride = 1:10), oil, yield: 78%. 
iH-NMR (CDCI3): (ppm) 

1.51 (m, 2H), 1.63 (m, 2H), 1.80 (m, 2H), 2.58 (t, 2H), 2.84 (m, 2H), 2.90 (m, 2H), 3.32 (t, 
2H), 3.60 (s, 2H), 6.73 (d, 1H), 7.09 (d, 1H), 7.16 (m, 2H), 7.42 (br, 2H) 
tt MS (FAB + ): m/z 358 (MH + ) 

5 

(Compound 40) Purified by silica gel column chromatography (methanohmethylene 

Jg chloride = 1:10), oil, yield: 94%. 

41 iH-NMR (CDCI3): (ppm) 

p 1.43 (m, 2H), 1.52 (m, 2H), 1.76 (m, 2H), 1.91 (s, 3H), 2.11 (d, 2H), 2.29 (m, 4H), 2.46 

|j (dd, 2H), 2.78 (m, 2H), 3.30 (t, 2H), 7.18 (m, 2H), 7.29 (m, 5H), 7.59 (br, 2H), 10.15 (br, 

W 1H) 

q 

MS (FAB + ): m/z 422 (MH + ) 

(Compound 41) Purified by silica gel column chromatography (methanohmethylene 
chloride =1:10) and then crystallized from water-containing acetonitrile, yield: 68%. 
1 H-NMR (CDCI3): (ppm) 

1.50 (m, 2H), 1.61 (m, 2H), 1.80 (m, 4H), 2.26 (m, 3H), 2.47 (m, 2H), 2.56 (m, 2H), 3.33 
(t, 2H), 7.17 (m, 2H), 7.26 (m, 2H), 7.35 (m, 2H), 7.49 (m, 4H), 10.1 (br, 1H) 
MS (FAB + ): m/z 396 (MH + ) 

(Compound 42) Purified by silica gel column chromatography (methanohmethylene 
chloride = 1:10), oil, yield: 54%. 
iH-NMR (CDCI3): (ppm) 

1.73 (m, 2H), 1.83 (m, 2H), 2.15 (m, 4H), 2.52 (m, 4H), 3.05 (d, 2H), 3.36 (t, 2H), 7.19 (m, 
2H), 7.36 (m, 4H), 7.46 (m, 3H), 9.7 (br, 1H) 
MS (FAB + ): m/z 391 (MH + ) 
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(Compound 43) Purified by silica gel column chromatography (methanoLmethylene 
chloride = 1:10), oil, yield: 72%. 
iH-NMR (CDC1 3 ): (ppm) 

1.28 (m, 2H), 1.50 (m, 4H), 1.77 (m, 2H), 2.11 (m, 4H), 2.45 (m, 4H), 3.17 (d, 2H), 3.34 (t, 
2H), 7.18 (m, 2H), 7.36 (m, 4H), 7.48 (m, 2H), 7.65 (br, 1H), 9.6 (br, 1H) 

MS (FAB + ): m/z 419 (MH + ) 

(Compound 44) Purified by silica gel column chromatography (methanoLmethylene 
chloride = 1:10) and then crystallized from water-containing acetonitrile, yield: 52%. 
iH-NMR (CDCI3): (ppm) 

1.29 (m, 6H), 1.43 (m, 2H), 1.73 (m, 2H), 1.76 (m, 2H), 2.13 (m, 4H), 2.48 (m, 4H), 3.20 
(d, 2H), 3.33 (t, 2H), 7.19 (m, 2H), 7.36 (m, 4H), 7.49 (m, 2H), 7.67 (br, 1H), 9.8 (br, 1H) 
MS (FAB + ): m/z 447 (MH + ) 

(Compound 45) Crystallized from water- containing acetonitrile, yield: 67%. 
iH-NMR (CDCI3): (ppm) 

1.48 (m, 2H), 1.58 (m, 2H), 1.76 (m, 4H), 2.15 (dt, 2H), 2.42 (m, 4H), 2.86 (d, 2H), 3.33 (t, 
2H), 7.19 (m, 2H), 7.27 (m, 2H), 7.41 (m, 2H), 7.60 (br, 2H), 10.05 (br, 1H) 
MS (FAB + ): m/z 431 (MH + ) 

(Compound 46) Extracted with ethyl acetate and then crystallized form ethyl 
acetate/hexane, yield: 68%. 
1 H-NMR (CDCI3): (ppm) 

1.34 (m, 2H), 1.50 (m, 4H), 1.76 (m, 5H), 2.18 (dt, 2H), 2.41 (m, 4H), 2.85 (d, 2H), 3.32 (t, 
2H), 7.18 (m, 2H), 7.26 (m, 1H), 7.33 (m, 2H), 7.49 (m, 2H), 7.54 (br, 2H), 9.95 (br, 1H) 
MS (FAB + ): m/z 410 (MH + ) 

(Compound 47) Purified by silica gel column chromatography (methanoLmethylene 
chloride = 1:10), solid, yield: 45%. 
iH-NMR (CDCI3): (ppm) 

1.6-1.9 (m, 7H), 2.21 (dt, 2H), 2.53 (m, 4H), 2.89 (d, 2H), 3.33 (t, 2H), 7.18 (m, 2H), 7.26 
(m, 1H), 7.35 (m, 2H), 7.49 (m, 4H), 9.9 (br, 1H) 
MS (FAB+): m/z 382 (MH + ) 
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(Compound 48) Purified by silica gel column chromatography (methanol :methylene 
chloride = 1:10), solid, yield: 73%. 
iH-NMR (CDCb): (ppm) 

1.44 (m, 2H), 1.63 (m, 4H), 1.76 (m, 5H), 2.34 (m, 4H), 2.71 (d, 2H), 2.75 (s, 2H), 3.33 (t, 
2H), 7.19 (m, 4H), 7.28 (m, 3H), 7.50 (br, 2H), 10.05 (br, 1H) 
MS (FAB + ): m/z 410 (MH + ) 

(Compound 49) Purified by silica gel column chromatography (methanohmethylene 
chloride = 1:10), oil, yield: 78%. 
CJ iH-NMR (CDCh): (ppm) 7.27 

^1 1.47 (m, 2H), 1.61 (m, 2H), 1.78 (M, 2H), 2.04 (m, 4H), 2.42 (m, 4H), 2.80 (d, 2H), 2.97 (s, 

r i 

g 3H), 3.32 (t, 2H), 7.18 (m, 2H), 7.27 (m, 1H), 7.37 (m, 4H), 7.50 (br, 2H), 10.1 (br, 1H) 
A MS (FAB + ): m/z 410 (MH + ) 

it 

Example 4: Synthesis of ethyl 4-(2-benzimidazolylthio)valerate 
^ ;; j 11 g of 2-mercaptobenzimidazole and 14.6 g of 5-bromovaleric acid were 

jjy dissolved in 50 ml of ethanol and the mixture was refluxed under heating for 24 hours. 
After cooling, the mixture was added with wafer and adjusted to pH 8 with aqueous 
sodium hydroxide. The deposited crystals were collected by filtration and washed 
with water-containing methanol to obtain 16.9 g of the title compound (yield: 83%). 

Example 5: Synthesis of 4-(4-(2-benzimidazolylthio)valeroyl)morpholine (Compound 4) 
0.56 g of ethyl 4-(2-benzimidazolylthio)valerate and 0.53 g of morpholine were 
heated at 100°C for 20 hours. The reaction mixture was applied without treatment to 
a silica gel column for purification (methanol:methylene chloride = 1:10), and 0.37 g of 
the title compound was obtained as solid (yield: 58%). 

iH-NMR (CDCla): (ppm) 1.83 (m, 4H), 2.40 (t, 2H), 3.26 (t, 2H), 3.44 (t, 2H), 3.66 (m, 
6H), 7.19 (m, 2H), 7.41 (br, 1H), 7.64 (br, 1H), 10.82 (br, 1H) 
MS (FAB + ): m/z 320 (MH + ) 

Example 6: Synthesis of 4-(5-(l-propylbenzimidazolyl-2-thio)pentyl)morpholine 
(Compound 6) 
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0.24 g of 4-(5-(benzimidazolyl-2-thio)pentyl)morpholine was dissolved in 1.5 ml 
of dimethylformamide (DMF), added with 0.33 g of potassium carbonate and 0.16 g of 
propyl iodide, and stirred at 50°C for 10 hours. The reaction mixture was added with 
water and extracted with ethyl acetate, and the solvent was evaporated under reduced 
pressure. The residue was purified by using a silica gel column (methanohmethylene 
chloride = 1:10) to obtain 0.23 g of the title compound as oil (yield: 83%). 
iH-NMR (CDCls): (ppm) 

0.97 (t, 3H), 1.53 (m, 4H), 1.84 (m, 4H), 2.35 (t, 2H), 2.44 (m, 4H), 3.40 (t, 2H), 3.71 (m, 
4H), 4.06 (t, 2H), 7.19 (m, 2H), 7.24 (m, 1H), 7.66 (m, 1H) 
MS (FAB+): m/z 348 (MH + ) 

Example 7: Synthesis of 4-(5-(l-propionylbenzimidazolyl-2-thio)pentyl)morpholine 
(Compound 7) 

0.24 g of 4-(5-(benzimidazolyl-2-thio)pentyl)morpholine was dissolved in 1 ml 
of dimethylacetamide and 2 ml of acetonitrile, added with 0.17 ml of triethylamine and 
then with 0.08 ml of propionyl chloride, and stirred at 50°C for 2 hours. The reaction 
mixture was added with water and extracted with ethyl acetate, and then the solvent 
was evaporated under reduced pressure. The residue was purified by silica gel 
column chromatography (methanol:methylene chloride = 1:10) to obtain 0.27 g of the 
title compound as oil (yield: 93%). 
iH-NMR (CDCls): (ppm) 

1.36 (t, 3H), 1.55 (m, 4H), 1.82 (m, 2H), 2.37 (t, 2H), 2.47 (m, 4H), 3.09 (q, 2H), 3.34 (t, 
2H), 3.73 (m, 4H), 7.2 (m, 2H), 7.65 (m, 2H) 
MS (FAB + ): m/z 362 (MH + ) 

Example 8: Synthesis of l-(4-bromovaleroyl)-4-methylpiperidine 

1.09 g of 4-methylpiperidine was dissolved in 10 ml of acetonitrile and added 
dropwise with 1.09 g of 4-bromovaleroyl chloride. The reaction mixture was stirred 
for 2 hours, then poured into water and extracted with ethyl acetate. The organic 
layer was washed with wafer and dried over sodium sulfate, and then the solvent was 
evaporated under reduced pressure to obtain 1.07 g of the title compound (yield: 82%). 

Example 9: Synthesis of l-(4-(2-benzimidazolylthio)valeroyl)-4-methylpiperidine 
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(Compound 12) 

0.15 g of 2-mercaptobenzimidazole and 0.26 g of l-(4-bromovaleroyl)-4- 
methylpiperidin were suspended in acetonitrile, and the suspension was added with 
0.17 ml of triethylamine and refluxed for 7 hours. The reaction mixture was added 
with water and extracted with ethyl acetate. The organic layer was washed with 
water and dried over sodium sulfate, and then the solvent was evaporated under 
reduced pressure. The residue was purified by silica gel column chromatography 
(methanol :methylene chloride = 1:10) to obtain 0.07 g of the title compound as oil 
(yield: 21%). 
iH-NMR (CDCla): (ppm) 

0.86 (d, 3H), 1.00 (m, 2H), 1.57 (m, 3H), 1.74 (m, 4H), 2.30 (m, 2H), 2.49 (t, 1H), 2.89 (t, 
1H), 3.18 (m, 2H), 3.69 (d, 1H), 4.56 (d, 1H), 7.08 (m, 2H), 7.44 (br, 2H), 11.5 (br, 1H) 
MS (FAB + ): m/z 320 (MH + ) 

Example 10: Synthesis of 2-(2-(2-chloroethoxy)ethylthiobenzimidazole) 

6.0 g of 2-mercaptobenzimidazole and 23 g of bis(2-chloroethyl) ether were 
dissolved in 45 ml of ethanol, and the mixture was added with 0.6 ml of triethylamine 
and refluxed for 15 hours. After the ethanol was evaporated under reduced pressure, 
the precipitates were added with 80 ml of ethyl acetate/hexane (1:1) for washing. The 
residue was dissolved in 20 ml of methanol and neutralized with aqueous sodium 
hydroxide. The deposited crystals were collected by filtration, washed with 
water/methanol (1:1) and dried to obtain 6.5 g of the title compound. 
MS (FAB + ): m/z 257 (MH + ) 

Example 11: Synthesis of 2-(2-(2-(2-chloroethoxy)ethoxy)ethylthiobenzimidazole) 

12.0 g of 2-mercaptobenzimidazole and 60 g of bis(2-chloroethoxy)ethane were 
dissolved in 70 ml of ethanol, and the mixture was added with 1.0 ml of triethylamine 
and refluxed for 15 hours. After the ethanol was evaporated under reduced pressure, 
the precipitates were added with 80 ml of ethyl acetate/hexane (1:1) for washing. The 
residue was dissolved in 20 ml of methanol and neutralized with aqueous sodium 
hydroxide. The deposited oil was extracted with ethyl acetate and the organic layer 
was washed with water and dried over sodium sulfate. Then, the solvent was 
evaporated under reduced pressure. The residue was purified by silica gel column 
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chromatography (methylene chloride) to obtain 16 g of the title compound as solid. 
MS (FAB + ): m/z 285 (MH + ) 



Example 12: Synthesis of 4-{2-(2-benzimidazoyl-2-thio)ethoxy)ethylmorpholine 
(Compound 50) 

0.26 g of 2-(2-(2-chloroethoxy)ethylthiobenzimidazole and 0.19 g of morpholine 
were added to 2.5 ml of acetonitrile, and the mixture was refluxed under heating for 19 
hours. After cooling, the reaction mixture was added with water and extracted with 
ethyl acetate. The organic layer was washed with water and dried over sodium 

r" sulfate, and the solvent was evaporated under reduced pressure. The residue was 

P 

P purified by silica gel column chromatography (ethyl acetatermethylene chloride = 1:2) 

j*l to obtain 0.23 g of title compound (yield: 75%). 

Ajj .:' ■ iH-NMR (CDCls): (ppm) 

€! 2.60 (t, 4H), 2.71 (t, 2H), 3.28 (t, 2H), 3.67 (t, 4H), 3.73 (t, 2H), 3.83 (t, 2H), 7.21 (m, 

|| 2H), 7.49 (m, 3H) 

P MS (FAB+): m/z 308 (MH + ) 

O 

m 

The following compounds were synthesized in the same manner as in Example 

12. 

(Compound 51) Purified by silica gel column chromatography (methanol:methylene 
chloride = 1:10), oil, yield: 70%. 
1 H-NMR (CDC1 3 ): (ppm) 

2.50 (m, 4H), 2.59 (t, 2H), 3.33 (t, 2H), 3.68 (m, 8H), 3.82 (t, 2H), 7.19 (m, 2H), 7.52 (br, 

2H), 11.2 (br, 1H) 

MS (FAB + ): m/z 352 (MH + ) 

(Compound 52) Purified by silica gel column chromatography (methanol :methylene 
chloride = 1:10), oil, yield: 82% 
iH-NMR (CDCI3): (ppm) 

0.83 (d, 3H), 1.26 (m, 2H), 1.38 (m, 1H), 1.63 (d2H), 2.05 (t, 2H), 2.67 (t, 2H), 3.08 (d, 
2H), 3.21 (t, 2H), 3.70 (t, 2H), 3.78 (t, 2H), 7.21 (m, 2H), 7.52 (br, 2H), 11.7 (br, 1H) 
MS (FAB + ): m/z 320 (MH + ) 
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(Compound 53) Purified by silica gel column chromatography (methanohmethylene 
chloride = 1:10), oil, yield: 85% 
1 H-NMR (CDCI3): (ppm) 

0.88 (d, 3H), 1.26 (m, 2H), 1.35 (m, 1H), 1.60 (d, 2H), 2.00 (t, 2H), 2.59 (t, 2H), 2.97 (d, 
2H), 3.33 (t, 2H), 3.68 (t, 2H), 3.78 (t, 2H), 7.19 (m, 2H), 7.52 (br, 2H), 11.8 (br, 1H) 
MS (FAB+): m/z 364 (MH + ) 

(Compound 54) Purified by silica gel column chromatography (methanol:methylene 
chloride = 1:10), oil, yield: 81% 
iH-NMR (CDCls): (ppm) 

1.96 (m, 4H), 2.60 (dt, 2H), 2.84 (t, 2H), 3.15 (d, 2H), 3.30 (t, 2H), 3.78 (t, 2H), 3.86 (t, 
2H), 7.10 (m, 2H), 7.20 (m, 2H), 7.24 (m, 2H), 7.60 (m, 3H), 11.1 (br, 1H) 
MS (FAB + ): m/z 407 (MH + ) 

Example 13: Synthesis of l-(5-(benzimidazoyl-2-oxy)pentyl)-4-cyano-4-phenyl- 
piperidine (Compound 55) 

Example 13a: Synthesis of 2-(5-hydroxy-pentyloxy)-l-isopropenylbenzimidazole 
3.3 g of 1,5-pentanediol and 0.4 g of sodium were stirred under nitrogen 
atmosphere for 30 minutes with heating. After the sodium disappeared, the reaction 
mixture was added dropwise with 30 ml of anhydrous THF containing 2.9 g of 
2-chloro-l-isopropenylbenzimidazole and then refluxed for 8 hours. After cooling to 
room temperature, the mixture was added with water and extracted with ethyl acetate. 
The solvent was evaporated under reduced pressure and the resulting residue was 
purified by silica gel column chromatography (ethyl acetate) to obtain 2 g of the title 
compounds (yield: 51%). 

Example 13b: Synthesis of 2-(5-bromo-pentyloxy)-l-isopropenylbenzimidazole 

A solution of 1.06 g of the compound obtained in Example 13a in 20 ml of 
dichloromethane was added with 1.8 g of carbon tetrabromide and 1.4 g of 
triphenylphosphine and stirred for 1 hour. The reaction mixture was added with 
saturated aqueous NaOH for washing. The solvent was evaporated under reduced 
pressure and the resulting residue was purified by silica gel column chromatography 
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(ethyl acetate) to obtain 1.2 g of the title compound (yield: 91%). 

Example 13c: Synthesis of 2-(5-bromo-pentyloxy)benzimidazole 

1.2 g of the compound obtained in Example 13b was dissolved in 10 ml of 
tBuOH, slowly added dropwise with 30 ml of a mixed solution of KMn0 4 (1.92 g) and 50 
ml of 0.1 N NaOH, and stirred for 1 hour. The reaction mixture was extracted three 
times with chloroform. The solvent was evaporated under reduced pressure and the 
obtained residue was purified by silica gel column chromatography (ethyl acetate) to 
obtain 0.45 g of the title compound (yield: 43%). 

Example 13d: Synthesis of l-(5-(benzimidazoyl-2-oxy)pentyl)-4-cyano-4-phenyl- 
piperidine (Compound 55) 

283 mg of the compound obtained in Example 13c and 223 mg of 
4-cyano-4-phenylpiperidine were refluxed in 10 ml of acetonitrile as a solvent 
containing 120 mg of triethylamine for 4.5 hours. After cooling to room temperature, 
the reaction mixture was extracted with ethyl acetate. The solvent was evaporated 
under reduced pressure and the resulting residue was purified by silica gel column 
chromatography (ethyl acetate) to obtain 170 mg of the title compound (yield: 44%). 
iH-NMR (CDCls): (ppm) 

1.50 (m, 2H), 1.62 (m, 2H), 1.87 (m, 2H), 2.12 (m, 4H), 2.48 (m, 4H), 3.06 (m, 2H), 4.53 
(t, 2H), 7.07-7.60 (m, 9H) 
MS (FAB ): m/z 387 (M-H) 

In the same manner as in Example 13, (Compound 56) was obtained (yield: 

43%). 

1 H-NMR (CDCI3): (ppm) 

1.49 (m, 2H), 1.65 (m, 2H), 1.83 (m, 4H), 2.20 (m, 2H), 2.48 (m, 4H), 2.87 (m, 2H), 4.54 
(t, 2H), 7.12-7.52 (m, 9H) 
MS (FAB + ): m/z 380 (MH + ) 

Example 14: Synthesis of 2-(5-(4-morpholino))-5-methylbenzimidazole (Compound 9) 
Example 14a: Synthesis of 2-(5-hydroxypentylthio)-5-methylbenzimidazole 

2.46 g of 5-methyl-2-mercaptobenzimidazole and 3.4 g of 5-bromopentyl 
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acetate were dissolved in 30 ml of ethanol and the mixture was refluxed with stirring 
under heating for 7 hours. After cooling to room temperature, the reaction mixture 
was added with was 22.5 ml of 2 N sodium hydroxide solution and stirred at room 
temperature for 1 hour, and then poured into water and extracted with ethyl acetate. 
The ethyl acetate layer was washed with saturated brine and dried over sodium sulfate 
and the solvent was evaporated under reduced pressure. The residue was purified by 
silica gel column chromatography (methylene chloride :methanol = 95:5) to obtain 3.04 
g of the title compound as pale yellow oil (yield: 81%). 

Example 14b: Synthesis of 2-(5-bromopentylthio)-5-methylbenzimidazole 
1.4 g of the compound obtained in Example 14a and 2.8 g of carbon 
tetrabromide were added to 15 ml of tetrahydrofuran and then gradually added with 
2.2 g of triphenylphosphine. After the reaction mixture was stirred at room 
temperature for 1 hour, the solvent was evaporated under reduced pressure. The 
residue was purified by silica gel column chromatography (hexane:ethyl acetate = 4:1 
to 2:2) to obtain 1.18 g of the title compound as yellow crystals (yield: 67%). 

Example 14c: Synthesis of 2-(5-(4-morpholino))-5-methylbenzimidazole (Compound 9) 

0.31 g of the compound obtained in Example 14b and 0.19 g of morpholine were 
added to 5 ml of acetonitrile and the mixture was refluxed with stirring under heating 
for 8 hours. After cooling to room temperature, the reaction mixture was poured into 
100 ml of saturated aqueous sodium hydrogencarbonate and extracted with ethyl 
acetate. The ethyl acetate layer was washed with saturated brine and dried over 
sodium sulfate, and the solvent was evaporated under reduced pressure. The residue 
was purified by silica gel chromatography (methylene chloride :methanol = 9:1) to 
obtain 0.22 g of the title compound as pale yellow oil (yield: 77.0%). 
iH-NMR (CDCls): (ppm) 

1.5-1.52 (m, 4H), 1.74 (q, 2H), 2.29 (t, 2H), 2.39-2.45 (m, 7H), 3.27 (t, 2H), 3.72 (t, 4H), 
6.98 (d, 1H), 7.26 (br, 1H), 7.38 (br, 1H) 
MS (FAB + ): m/z 320 (MH + ) 

Example 15: Synthesis of 2-(5-(4-morpholino))-5-methoxybenzimidazole (Compound 
19) 
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Synthesis was performed in the same manner as in Example 14 by using 
5-methoxy-2-mercaptobenzimidazole as the starting material. The product was 
purified by silica gel chromatography (methylene chloride:methanol = 9:1) to obtain 
the title compound as colorless oil (yield: 82%). 
iH-NMR (CDCls): (ppm) 

1.32-1.52 (m, 4H), 1.76 (q, 2H), 2.28 (t, 2H), 2.40-2.48 (m, 4H), 3.26 (t, 2H), 3.70 (t, 4H), 
6.80 (d, 1H), 6.98 (br, 1H), 7.38 (br, 1H) 
MS (FAB+): m/z 335 (MH+) 

iP Example 16: Synthesis of 2-(5-(4-morpholino))-5-chlorobenzimidazole (Compound 20) 

fir 

pi. Synthesis was performed in the same manner as in Example 14 by using 

rfj 5-chloro-2-mercaptobenzimidazole as the starting material. The product was purified 

M by silica gel chromatography (methylene chloride :methanol = 9:1) to obtain the title 

ci 

M compound as pale yellow oil (yield: 88%). 

||j iH-NMR (CDCls) (ppm) 

|t 1.32-1.50 (m, 4H), 1.74 (q, 2H), 2.28 (t, 2H), 2.38-2.45 (m, 4H), 3.25 (t, 2H), 3.70 (t, 4H), 

!J 3.80 (s, 3H), 6.80 (d, 1H), 6.98 (br, 1H), 7.38 (br, 1H) 

W MS (FAB + ): m/z 340 (MH + ) 

Example 17: Synthesis of l-(5-(4-benzimidazolyl-2-thio)valeryl)-l,2,3,4-tetrahydro- 
quinoline (Compound 33) 

1.0 g of l-(5-benzimidazolyl-2-thio)valeric acid and 0.53 g of 1,2,3,4- 
tetrahydroquinoline were added to a mixed solvent of 5 ml of methylene chloride and 
10 ml of pyridine and the mixture was stirred on an ice bath. The mixture was added 
with 0.92 g of WSC and then stirred at room temperature for 4 hours. The mixture 
was poured into 150 ml of saturated aqueous sodium hydrogencarbonate and extracted 
with ethyl acetate. The ethyl acetate layer was washed with saturated brine and 
dried over sodium sulfate, and then the solvent was evaporated under reduced 
pressure. The residue was purified by silica gel column chromatography (methylene 
chloride :methanol = 9:1) to obtain 0.9 g of the title compound as white crystals (yield: 
62%). 

1 H-NMR (CDCls): (ppm) 

1.70-2.00 (m, 6H), 2.68 (t, 2H), 2.68-2.73 (m, 2H), 3.20 (t, 2H), 3.80 (t, 2H), 7.06-7.20 (m, 
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6H), 7.39-7.59 (br, 2H) 
MS (FAB + ): m/z 366 (MH + ) 



Example 18: Synthesis of l-(5-benzimidazolyl-2-thio)pentyl-l,2,3,4-tetrahydro- 
quinoline (Compound 34) 

73 mg of the compound obtained in Example 17 was added to 2 ml of 
tetrahydrofuran and stirred on an ice bath. The mixture was added with 0.6 ml of 1 
M borane/tetrahydrofuran complex, and the mixture was reacted overnight at room 
temperature, then added with 1 ml of 4 N hydrochloric acid solution in dioxane and 
m refluxed under heating for 1 hour. After cooling to room temperature, the reaction 
mixture was poured into 10 ml of saturated aqueous sodium hydrogencarbonate and 

s|! extracted with ethyl acetate. The ethyl acetate layer was washed with saturated 

jli 

jjj brine and dried over sodium sulfate, and then the solvent was evaporated under 

reduced pressure. The residue was purified by silica gel column chromatography 
C| (hexane:ethyl acetate = 3.5:1) to obtain 8 mg of the title compound as colorless oil 
||. (yield: 12%). 
|j iH-NMR (CDCk): (ppm) 

III 1.38-1.50 (m, 2H), 1.52-1.62 (m, 2H), 1.75-1.84 (m, 2H), 1.86-1.95 (m, 2H), 2.70 (t, 2H), 
3.15-3.24 (m, 4H), 3.30 (t, 2H), 6.47-6.58 (m, 2H), 6.92 (d, 1H), 7.00 (dd, 1H), 7.15-7.22 
(m, 2H), 7.48 (br, 2H) 
MS (FAB + ): m/z 351 (MH + ) 

In the same manner as in Example 17, (Compound 35) was synthesized. 
iH-NMR (CDCls): (ppm) 

1.87 (m, 4H), 2.66 (br, 2H), 3.31 (t, 2H), 3.95 (br, 2H), 4.29 (t, 2H), 6.91 (m, 2H), 7.10 (m, 
2H), 7.21 (m, 2H), 7.51 (br, 2H) 
MS (FAB + ): m/z 368 (MH + ) 

Example 19: Synthesis of 2-(6-(l-(4-hydroxy-4-phenyl)piperidino)heptyl)-lH- 
benzimidazole (Compound 58) 

Example 19a: Synthesis of 2-(6-hydroxyheptyl)-lH-benzimidazole 

3.28 g of methyl 6-hydroxyheptanoate and 2.16 g of phenylenediamine were 
dissolved in a mixed solvent of 10 ml of concentrated hydrochloric acid and 20 ml of 
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water, and the mixture was refluxed with stirring under heating for 24 hours. After 
cooling to room temperature, the reaction mixture was adjusted to pH 8 with about 100 
ml of 1 N sodium hydroxide solution and saturated aqueous sodium hydrogencarbonate. 
The reaction mixture was extracted three times with 150 ml of ethyl acetate, and the 
organic layer was washed with saturated brine and dried over sodium sulfate. After 
the solvent was evaporated under reduced pressure, the residue was purified by silica 
gel column chromatography (ethyl acetate - ethyl acetatermethanol = 95:5) to obtain 
3.03 g of the title compound as pale brown solid (yield: 70%). 

Example 19b: Synthesis of 2-(6-bromoheptyl)-lH-benzimidazole 

2.18 g of the compound obtained in Example 19a, 4.97g of carbon tetrabromide 
and 3.93 g of triphenylphosphine were added to 30 ml of tetrahydrofuran and the 
mixture was reacted overnight at room temperature. After the reaction was 
completed, the solvent was evaporated under reduced pressure, and the residue was 
purified by silica gel column chromatography (ethyl acetate:hexane = 1:1) to obtain 
2.10 g of the title compound as pale yellow solid (yield: 75%). 

Example 19c: Synthesis of 2-(6-(l-(4-hydroxy-4-phenyl)piperidino)heptyl)-lH- 
benzimidazole (Compound 58) 

0.28 g of the compound obtained in Example 19b and 0.21 g of 
4-hydroxy-4-phenylpiperidine were added to 2.5 ml of acetonitrile and the mixture was 
refluxed with stirring under heating for 8 hours. After cooling to room temperature, 
the reaction mixture was poured into 50 ml of saturated aqueous sodium 
hydrogencarbonate and extracted with 50 ml of ethyl acetate. The ethyl acetate layer 
was washed with saturated brine and dried over sodium sulfate. After the solvent 
was evaporated under reduced pressure, the residue was purified by silica gel column 
chromatography (methylene chloride:methanol =9:1 -» 5:1) to obtain 0.24 g of the title 
compound as white crystals (yield: 64%). 
X H-NMR (CDCI3+CD3OD): (ppm) 

1.30-1.55 (m, 4H), 1.70-1.85 (m, 4H), 2.07-2.20 (m, 2H), 2.30-2.55 (m, 4H), 2.70-2.95 (m, 
6H), 7.10-7.40 (m, 5H), 7.42-7.58 (m, 2H) 
MS (FAB + ): m/z 378 (MH + ) 
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Example 20: Synthesis of 2-(6-(l-(4-cyano-4-phenyl)piperidino)heptyl)-lH- 
benzimidazole (Compound 57) 

Synthesis was performed in the same manner as in Example 19 by using the 
compound obtained in Example 19b and 4-cyano-4-phenylpiperidine. The product 
was purified by silica gel chromatography (methylene chloride :methanol = 9:1) and 
crystallized from ethyl acetate/hexane (yield: 54%). 
1 H-NMR (CDC1 3 ): (ppm) 

1.30-1.55 (m, 6H), 1.90 (q, 2H), 2.06-2.15 (m, 4H), 2.34-2.49 (m, 4H), 2.90-3.04 (m, 4H), 
7.17-7.24 (m, 2H), 7.30-7.42 (m, 3H), 7.45-7.60 (m, 4H) 
MS (FAB+): m/z 387 (MH + ) 

Test Example 1 

Activity of the compounds of the present invention for suppressing the foaming 
of macrophages, which triggers arterial sclerosis, was examined. 
(1) In vitro experiment using mouse peritoneal macrophages. 

15-Week old female ICR mice (Nippon SLC) were subjected to bleeding by 
cutting off their cervicalis, and Hanks buffer (Nippon Seiyaku) was injected into their 
peritoneal cavities. After abdominal regions of the mice were massaged, the buffer 
was recovered immediately, and then the resulting buffer was centrifuged at 1,000 
r.p.m. for five minutes to collect peritoneal macrophages. Then, the collected 
macrophages were suspended in GTI medium (Wako Pure Chemical Industries), and 
inoculated onto a 24-well microtiter plate. After the macrophages were cultivated at 
37°C under 5% CO2 for two hours, the culture medium was changed with Dulbecco 
Modified Eagle Medium (MEM, Nippon Seiyaku). The macrophages were further 
cultivated at 37^ under 5% CO2 for 16 hours, and then a test compound and liposomes 
were added to the culture. 

1) Test compound: dissolved in DMSO (Wako Pure Chemical Industries), 

2) Liposomes: PC/PS/DCP/CHOL = 50/50/10/75 (nmol) 

PC: Phosphatidylcholine (Punakoshi); 
PS: Phosphatidylserine (Funakoshi); 
DCP: Dicetylphosphate (Punakoshi); 
CHOL: Cholesterol (Sigma) 

After cultivation was further continued at 37°C under 5% CO2 for 16 hours, 
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lipid fraction was extracted with chloroform and methanol. The extracted lipid 
fraction was dissolved in isopropyl alcohol, and the produced cholesterol ester (CE) 
was quantified by an enzymatic luminescence method. Yield of the cholesterol ester 
was calculated as a relative ratio based on yield of the control as 100% where no test 
compound was added. 





Compound 


Dose 


CE yield (%) 




(1) 


5 uM 


22 


sp 


(2) 
(3) 


5 juM 
5 (iM 


18 
8.2 


a 
1 


(4) 
(5) 
(6) 


5 /uM 
5 juM 
5 m M 


16 
21 
27 


I 


(7) 


5 uM. 


22 


!;;.! 
£1 


(8) 
(9) 


5 ulM 
5 uM 


23 


in- 
m 
w 


(10) 


5 *iM 


12 


(11) 


5 n M 






(12) 


5 jj,M 






(13) 


5 tiM 






(14) 


5 yM 


22 




(15) 


5 mM 






(16) 


5 n M 






(17) 


5 ii M 


23 




(18) 


5 mM 


22 




(19) 


5 uM 


24 




(20) 


5 U M 


25 




(21) 


5 mM 


14 




(22) 


5 U M 


19 




(23) 


5 /zM 


12 




(24) 


5 


18 




(25) 


5 ix M 


14 




(26) 


5 n M 


23 



35 



p 

C3 
■ 

m 



□ 
m 

G 

m 

a 

m 



(27) 


5 /zM 


15 


(28) 


5 


4.2 


(29) 


5 uM 


18 


(30) 


5 £i M 


19 


(31) 


5 jkM 


21 


(32) 


5 jzM 


18 


(33) 


5 


18 


(34) 


5 fxM 


21 


(35) 


5 fill 


22 


(36) 


5 »M 


18 


(37) 


5 /zM 


20 


(38) 


5 jiM 


18 


(39) 


5 (iM 


4.1 


(40) 


5 uM 


8.2 


(41) 


5 zzM 


4.2 


(42) 


5 mM 


18 


(43) 


5 mM 


16 


(44) 


5 aM 


7.5 


(45) 


5 jiM 


23 


(46) 


5 


18 


(47) 


5 


15 


(48) 


5 fiM 


21 


(49) 


5 uM 


22 


(50) 


5 uM 


4.6 


(51) 


5 uM 


23 


(52) 


5 azM 


10 


(53) 


5 


22 


(54) 


5 /zM 


21 


(55) 


5 


21 


(56) 


5 n M 


18 


(57) 


5 /zM 


22 


(58) 


5 tiM 


20 


(Ref. 1) 


5 /zM 


95 
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(Ref. 2) 5 uM 98 

(Ref. 3) 5 fxM 78 

(Ref. 4) 5 jwM 89 

(Ref. 5) 5 p,M 102 




(Ref. 1) Compound (9) described in International Patent Publication W098/54153 
(Ref. 2) Compound (49) described in International Patent Publication W098/54163 
(Ref. 3) Compound (3) described in Bio. Med. Chem. Lett., Vol. 5(2), 167-172 (1995) 
(Ref. 4) A synthesis intermediate described in Chim. Chronika., Vol. 9(3), 239-246 
(1980) 
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(Ref. 5) Compound (7) described in International Patent Publication WO95/34304 



From these results, it is clearly understood that the compounds of the present 
invention acted on macrophases and remarkably reduced the rate of cholesterol ester 
synthesis (a smaller value means a more potent suppression, and 100% indicates no 
suppression). Whilst, the known benzimidazole derivatives used for comparison, i.e., 
Compounds of (Ref. 1), (Ref. 2) and (Ref.3), had a benzimidazole structure similar to 
that of the compounds of the present invention, however, they exerted almost no 
inhibitory effect on macrophages. Further, the compound described as a medicament 
j»! having other efficacy (Ref. 5) and the compound described as a synthesis intermediate 
pi (Ref. 4) are structurally similar benzimidazole derivatives, however, thev were 
s || completely inactive in inhibition of macrophages. 

m 
i 

tfl Industrial Applicability 

Q The benzimidazole derivatives of the present invention have an action of 

pj suppressing the foaming of macrophages, and are useful as active ingredients of 

If! medicaments for preventive and/or therapeutic treatment of arteriosclerosis or 

y 

111 medicaments for preventive and/or therapeutic treatment of hyperlipidemia. Further, 
they are also useful as additives for silver halide photosensitive materials or for the 
production of liquid crystals. 



What is claimed is: 



1. Abenzimidazole compound represented by the following formula (I) or a salt 

thereof: 

R 2 

wherein, R 1 represents one or more functional groups on the benzene ring selected 
from the group consisting of hydrogen atom, a halogen atom, a lower alkyl group, and a 
lower alkoxy group; R2 represents hydrogen atom, an alkyl group, or an acyl group; R3 
represents one or more functional groups on the ring containing the nitrogen atom and 
A; A represents O or CH2, or CH which forms a double bond with an adjacent carbon 
atom; L represents a C-i-Cg alkylene group or an ethyleneoxy linking group represented 
by (CH2CH20) n CH2CH2 wherein n represents 1 or 2; X represents O, S or methylene 
group; and m represents 0 or 1. 

2. The compound or a salt thereof according to Claim 1, wherein X is O or S. 

3. The compound or a salt thereof according to Claim 1 or 2, wherein m is 0. 

4. The compound or a salt thereof according to any one of Claims 1 to 3, 
wherein each of R 1 and R 2 represents hydrogen atom. 

5. The compound or a salt thereof according to any one of Claims 1 to 4, 
wherein L is a C4-C8 alkylene group. 

6. The compound or a salt thereof according to any one of Claims 1 to 4, 
wherein L is a C5 or C6 alkylene group. 

7. A benzimidazole compound represented by the following formula (II) or a 
salt thereof: 




wherein, R n represents one or more functional groups on the benzene ring selected 
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from the group consisting of hydrogen atom, a halogen atom, a lower alkyl group, and a 
lower alkoxy group; R12 represents hydrogen atom, an alkyl group, or an acyl group; 
R 13 represents one or more functional groups on the piperidine ring selected from the 
group consisting of hydrogen atom, an alkyl group, an aryl group, hydroxy group, an 
alkoxy group, an amino group, an acyl group, a cyano group, a carbamoyl group and an 
alkoxycarbonyl group; L 1 represents a C 4 -Cs alkylene group; and X represents O, S or 
methylene group. 

8. The compound or a salt thereof according to Claim 7, wherein L 1 is a C4-C8 
alkylene group. 

P 9. The compound or a salt thereof according to Claim 7 or 8, wherein R 11 and 

|«;> R 12 represent hydrogen atom. 

! '*" 10. The compound or a salt thereof according to any one of Claims 7 to 9, 

III wherein R 13 is a functional group selected from the group consisting of hydrogen atom, 

!l an alkyl group, a hydroxyalkyl group, an aryl group, hydroxy group, and cyano group. 

J*» n - The compound or a salt thereof according to any one of Claims 7 to 10, 

f 1 wherein L 1 is a C5 or Ce alkylene group. 

Q 

12. A medicament comprising the compound according to any one of Claims 1 
jjj to 11 or a physiologically acceptable salt thereof as an active ingredient. 

13. The medicament according to Claim 12, which is in the form of a 
pharmaceutical composition comprising the compound or a physiologically acceptable 
salt thereof as an active ingredient and a pharmaceutical^ additive. 

14. The medicament according to Claim 12 or 13, which is used for preventive 
and/or therapeutic treatment of hyperlipidemia. 

15. The medicament according to Claim 12 or 13, which is used for preventive 
and/or therapeutic treatment of arteriosclerosis. 

16. The medicament according to Claim 12 or 13, which is used as an agent for 
suppressing foaming of a macrophage. 

17. The medicament according to Claim 12 or 13, which is used as an agent for 
retracting arterial sclerosis lesions. 

18. The medicament according to Claim 12 or 13, which is used as an agent for 
inhibiting formation of arterial sclerosis lesions . 

19. Use of the compound or a physiologically acceptable salt thereof according 
to any one of Claims 1 to 11 for manufacture of the medicament according to any one of 



Claims 12 to 17. 

20. A method for preventive and/or therapeutic treatment of arteriosclerosis, 
which comprises the step of administering a preventively and/or therapeutically 
effective amount of the compound according to any one of Claims 1 to 11 or a 
physiologically acceptable salt thereof to a mammal including human. 



P 
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ABSTRACT 



A benzimidazole compound or a salt thereof which has an inhibitory action of 
forming of macrophages and is useful as an active ingredient of a medicament for 
preventive and/or therapeutic treatment of arteriosclerosis, which is represented by 
the formula (I): 

h R 

B 
If; 

$j wherein R 1 represents hydrogen atom, a halogen atom, a lower alkyl group, or a lower 

|U 

|| alkoxy group; R 2 represents hydrogen atom, an alkyl group, or an acyl group; R 3 

m represents a functional group on the ring; A represents O or CH2, or CH that forms a 

Q double bond with an adjacent carbon atom; L represents a C4-C8 alkylene group or an 

|*| ethyleneoxy linking group represented by (CBbCEbCOnCEfeCH^ wherein n represents 1 

jj| or 2; X represents O, S or methylene group; and m represents 0 or 1. 

Ki 
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the specification of which is attached hereto unless the 
following box is checked: 


□ 

±la»Wtt*atfUB#-§-&sv^ttPcrHIRffi« 
) tvx ^_M_8Kttim£n, 


0 was filed on June 27. 2000 

as United States Application Number or PCT 
International Application Number 
PCT/JP00/04203 
and was amended on 

(if applicable). 




I hereby state that I have reviewed and understand the contents 
of the above identified specification, including the claims, as 
amended by any amendment referred to above. 




I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of Federal 
Regulations, § 1.56. 
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Code, § 119(a)-(d) or § 365(b) of any foreign application(s) for 
patent or inventor's certificate, or § 365(a) of any PCT 
International application which designated at least one country 
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application having a filing date before that of the application on 
which priority is claimed. 



(Number) 



(Country) 
(B«> 



June 28, 1999 



(Day/Month/Year Filed) 



Priority Claimed 
Yes No 

0 □ 



(Country) 

(B4> 



att^ffl W^35Hl 19^(e)^S-3# TfE©Xeffl«r O 



(Day/Month/Year Filed) 

imm^M 0 ) 

I hereby claim the benefit under Title 35, United States Code, 
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(Filing Date) 
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(Filing Date) 
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I hereby claim the benefit under Title 35, United States Code, 
§ 120 of any United States application(s), or § 365(c) of any 
PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided 
by the first paragraph of Title 35, United States Code, § 112, I 
acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, § 1.56 which became available between the filing 
date of the prior application and the national or PCT 
International filing date of this application. 



(Application No.) 



(Filing Date) 
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(Status: patented, pending, abandoned) 



(Application No.) 
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(Status: patented, pending, abandoned) 



I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. . 
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